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Abstract
Industrial greenhouses are complex technological facilities where 
control and managing of the cultivation regimes affecting the effi-
ciency of evapotranspiration and photosynthesis should be provided. 
The paper solves the relevant scientific and applied problem of eval-
uating and analyzing the metrological and functional characteristics 
of effective illumination sensors. The subject of the research is the 
metrological characteristics of means of metrical monitoring of effec-
tive illumination in the visible optical range for protected horticulture. 
The object of the study is the processes and factors which affect the 
metrological characteristics of the serial low-cost sensors of effective 
illumination in the visible optical range. The findings presented in this 
paper focus on solving the relevant scientific and applied problem of 
limited results of experiments on serial low-cost sensors of effective 
illumination in the visible optical range and their subsequent mathe-
matical analysis to evaluate metrological characteristics. Promising 
areas of the research on the metrological provision of modern com-
puterized systems for monitoring and controlling the effective illumi-
nation of industrial greenhouses are justified. The research results 
can be integrated into modern methods and means of computerized 
metrical monitoring and automatic control of technological regimes 
of greenhouse cultivation.
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Currently, a wide range of scientific and technical 
research is devoted to the development of comput-
erized technologies for the study of production pro-
cesses in the agricultural segment of the national 
economies (Polat, 2017; Wamelink et al., 2018). The 
relevance of the research in this subject area is due 
to the high rates of research intensity of modern pro-
tected horticulture. One of the most promising ap-
proaches to its optimizing, in terms of improving the 
quality of cultivated products and reducing energy 
consumption, is the creation and implementation of 
modern computerized measuring systems for mon-
itoring and controlling the greenhouse microclimate 
parameters.
Industrial greenhouse complexes are engineer-
ing structures, where control and managing of mi-
croclimatic parameters affecting the efficiency of the 
processes of evapotranspiration and photosynthesis 
should be provided (Darabpour et al., 2018). This, in 
turn, determines the rates of production, volumes and 
quality of vegetable greenhouse produce.
Thus, in order to maintain the required indica-
tors of the illumination regime for cultivating crops in 
greenhouse conditions, it is necessary to carry out 
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online monitoring of the effective illumination in the 
visible optical range taking into account daily dynam-
ics of natural light by means of measuring control with 
the required metrological characteristics. The total 
relative measurement error should not exceed ±10% 
(Both et al., 2015).
The need to develop and design systems for 
measuring control of effective illumination in the visible 
optical range in real time with their subsequent full-
scale tests is substantiated by the fact that, currently, 
scientific literature provides limited research on results 
of the regression analysis of the illumination sensors 
conversion characteristics with a detailed analysis of 
their metrological parameters.
Based on this, the main purpose of the paper is to 
conduct studies on the evaluation and analysis of the 
metrological and functional characteristics of the seri-
al sensors of effective illumination in the visible optical 
range. This will contribute to the development of scien-
tific and applied bases for increasing the productivity 
of industrial greenhouses through the development 
and implementation of highly efficient methods and 
means of metrical monitoring and control modes of 
crops illumination.
The subject of the research is the metrological 
characteristics of means of metrical monitoring of ef-
fective illumination in the visible optical range for pro-
tected horticulture.
The object of the study is the processes and fac-
tors which affect the metrological characteristics of 
the serial low-cost sensors of effective illumination in 
the visible optical range.
The findings presented in this paper focus on solv-
ing the relevant scientific and applied problem of lim-
ited results of experiments on serial low-cost sensors 
of effective illumination in the visible optical range and 
their subsequent mathematical analysis to evaluate 
metrological characteristics. The research results can 
be integrated into modern methods and means of 
computerized metrical monitoring and automatic con-
trol of technological regimes of greenhouse cultivation.
Current research findings
The main approaches to the development and design 
of modern systems of local and remote monitoring of 
parameters of agricultural and technical facilities by 
means of modern sensor and microprocessor tech-
nologies using current research methods are pre-
sented in (Vu, 2011; Ahn et al., 2017; Changizian et al., 
2017; Laktionov et al., 2017; Pash et al., 2017; Shirsath 
et al., 2017; Zade et al., 2017; Drapaca, 2018). For ex-
ample, modern approaches to biological object mod-
eling, such as mathematical modeling of engineering 
systems, in view of various destabilizing effects are 
presented in the paper (Drapaca, 2018); the main ap-
proaches to the environmental factors which are dis-
tributed in space and time, and affect the quality of 
technical systems are presented in the paper (Pash 
et al., 2017); the study (Changizian et al., 2017) focuses 
on the results of research on ensuring effective con-
trol of photoelectric signals in technical objects.
Having analyzed and logically generalized the 
existing results of the research on structural and al-
gorithmic organization of such systems, it has been 
established that the subsystem of control and man-
agement of the technological regime of artificial illumi-
nation is an integral structural unit of these systems. 
The rate of photosynthesis and, consequently, the ac-
cumulation of plant biomass, depend on the amount 
of energy transformed into biochemical bonds. This 
fact is confirmed by the fundamental results of stud-
ies on biophysical and biotechnological principles of 
greenhouse artificial illumination, which are listed in 
Table 1.
The need to control the technological regimes of 
illuminating the greenhouse crops is also specified by 
regulatory documents (American Society of Agricul-
tural and Biological Engineers, 2008; Food and Agri-
culture Organization of the United Nations, 2013; Both 
et al., 2015; Food and Agriculture Organization of the 
United Nations, 2017). The results of the analysis of a 
priori information about the existing requirements for 
the illumination regimes of protected horticulture are 
presented in Table 2.
Materials and methods
Components
Sensors
Having analyzed the existing studies on the devel-
opment of illumination monitoring systems, we can 
state that integrated sensors based on photodiodes 
and photoresistors are most widely used (Boselin 
Prabhu et al., 2014; Arif and Abbas, 2015; Zhou and 
Duan, 2016; Li, 2017; Laktionov et al., 2018). In this 
paper, typical sensors based on a photodiode (GY-
302 BH1750FVI) and a photoresistor (KY-018) have 
been selected for the research according to the fol-
lowing criteria: satisfactory technical characteristics 
specified by manufacturers; compatibility with the 
microprocessor platform Arduino Mega 2560, which 
is widely used in designing the monitoring systems 
for agricultural facility parameters (Putera et al., 2015; 
Laktionov et al., 2017; Maulana et al., 2018; Suganthi 
Jemila and Suja Priyadharsini, 2018); affordable price 
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range. The main technical characteristics of the GY-
302 BH1750FVI (Light intensity Sensor Module GY-30 
BH1750FVI, 2018) and KY-018 (KY-018 Photoresistor 
Module, 2018) sensors are given in Table 3, the phys-
ical configuration of the sensors is shown in Figures 
3 and 6.
Sample meter
As this functional unit, the Benetech GM1020 digital 
luxmeter with a USB interface and a rotating photo 
sensor is used when implementing the method for 
evaluating the metrological characteristics of the il-
lumination sensors (Benetech Digital Lux Meter 
GM1020, 2018). The main technical characteristics of 
this luxmeter are shown in Table 4.
Source of artificial lighting
To implement the illumination unit, full-spectrum 
COB Cree CXA1304 (Cree® XLamp® CXA1304 LED, 
2018) LEDs were used. The main technical charac-
teristics of this model of LEDs are shown in Table 5, 
the physical configuration of the LEDs is presented 
in Figures 3 and 6. The result of a series of pulse 
measurements of LED parameters under 400 mA 
constant current and 9 V is also shown in Figure 1 
(Cree® XLamp® CXA1304 LED, 2018). There are six 
discrete LEDs in the matrix under question. During 
the maximum efficiency operation mode (the elec-
tric current is 400 mA and the power is 3.6 W), the 
emission characteristics of a LED are presented in 
Table 6.
LED power control unit
This function module consists of step-down DC-DC 
converters to reduce voltage and limit current through 
a 12 V power line. This unit uses a XL4015E1-based 
converter (XLSEMI XL4015E1, 2018). Its specifications 
are presented in Table 7, the physical configuration is 
shown in Figure 3. As a result of previous laboratory 
tests, the need to equip this unit with an active cool-
ing system to improve its technical and operational 
characteristics has also been established.
Microprocessor platform
The Arduino Mega 2560 board (Arduino Mega 2560, 
2018), which is based on an ATmega2560 microchip 
with the frequency of 16 MHz, is used as a micro-
processor module of the system under study. This 
board is selected according to the following criteria: 
the required number of analog and digital ports, the 
amount of flash memory (more than 64 kB, which 
corresponds to the size of the original sketch), the 
width of the analog-to-digital converter and the cost. 
The physical configuration of this function module is 
presented in Figure 3.
Switching unit
As a power load switching unit, a four-channel relay 
module SONGLE SRD-05VDC has been used (Son-
gle Relay, 2018). This relay is controlled by the voltage 
of 5 V and is capable of switching the load with pa-
rameters up to 10 A–30 V DC voltage and 10 A–250 V 
AC voltage. The physical configuration of this func-
tional unit is shown in Figure 3.
Real time clock module
This module is an integrated DS1302 assemblage, 
which is programmed to record the current time (Real 
Time Clock DS1302, 2018). In addition to the chip of a 
real-time clock, this module contains an I2C EEPROM 
24C32 chip. This functional unit is connected to the 
Arduino Mega microcontroller via a standardized I2C 
interface. The physical configuration of the module is 
shown in Figure 3.
Temperature sensor
In this research, a DS18B20 digital temperature sen-
sor (Maxim Integrated Products DS18B20, 2018) is 
used, which is connected to the Arduino micropro-
cessor platform via a 1-Wire interface. The physical 
configuration of the sensor is shown in Figures 3 and 
6. The main characteristics of this model are shown 
in Table 8.
The subsystem of greenhouse optimum 
temperature maintenance
This system is a heating element that has two power 
modes with directional air flow and a pipeline, which 
is a heating circuit. This technical implementation 
allows uniformly heating the entire greenhouse grow-
ing zone (see Figure 2). The power of the heating ele-
ment is supplied from a source of alternating voltage 
of 220 V. The technical characteristics of the heating 
element are presented in Table 9.
Software
The approaches to the study of computerized means 
of metrical monitoring of the effective greenhouse il-
lumination in the visible optical range, which are used 
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in this research, are based on modern achievements 
in the theory of experiment planning, the theory of 
errors and the concept of uncertainty, the theory of 
physical modeling, and experimental methods of lab-
oratory testing of a prototype measuring system.
To implement the main stages of aggregating 
and processing the results of observations of the 
effective greenhouse illumination in the visible opti-
cal range, the following modern software have been 
used:
•	 the software for the microprocessor subsys-
tem has been developed and tested by means 
of Arduino IDE;
•	 the database of experimental studies has been 
accumulated by means of MS Excel and Lux-
Lab; and
•	 regression analysis of the conversion charac-
teristics of illumination sensors and evaluation 
of measurement errors have been performed 
by means of Mathcad.
Table 3. Technical characteristics of illumination sensors under testing.
Integrated sensor GY-302 BH1750FVI  
based on photodiode
KY-018 module based on photoresistor
It has a direct digital output; it is insensitive to  
background light; spectral response is close to visual 
sensitivity; supply voltage ranges from 3 to 5 V;  
working range of measurements is from 0 to 105 lx; I2C 
connection interface
Built on the basis of the VT83N1 photoresistor type, 
which relates to sensors of a parametric type and 
is included in the voltage divider circuit; it allows 
measuring in the working range from 10 to 104 lx 
with a relative error of no more than ±10%
Table 2. Regulated information about the illumination regimes under protected 
horticulture conditions.
Regulated information
Name of the authors 
or organizations
Research 
year
Ref.
The requirements for locations of 
measuring, frequency and accuracy of 
metrical control of effective illumination 
in greenhouse conditions are regulated: 
at canopy level, in center of growing 
area; preferably continuous, but not least 
hourly; total relative error should not 
exceed ± 10%
Both, A. J., Benjamin, L., 
Franklin, J., Holroyd, G., 
Incoll, L. D., Lefsrud, M. G. 
and Pitkin, G.
2015 Both et al. (2015)
The optimal light regimes for growing 
crops in greenhouse conditions have 
been established: for tomatoes – from 
10,000 to 15,000 lx; for pepper – about 
5,500 lx during 18 hr
Food and Agriculture 
Organization of the United 
Nations
2017 Food and Agriculture 
Organization of the 
United Nations (2017)
It is stated that effective illumination is 
a mandatory parameter for regulating 
the carbon dioxide content in the crop 
growing area, as well as for controlling 
the temperature regime for growing 
greenhouse crops
American Society of 
Agricultural and Biological 
Engineers; Food and 
Agriculture Organization of 
the United Nations
2008; 2013 American Society 
of Agricultural and 
Biological Engineers 
(2008), Food and 
Agriculture Organization 
of the United Nations 
(2013)
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Research methodology
The method of standard devices has been chosen as 
the basic methodology for carrying out the research 
on evaluation of the metrological characteristics of 
measuring channels of effective illumination. This 
method is one of the most common and thoroughly 
studied methods of metrological verification and 
certification of metrical instruments of various phys-
ical and chemical quantities. The generalized block 
diagram of the setup for evaluating the metrological 
characteristics of the meters under study is shown 
in Figure 3. The algorithm for conducting laboratory 
tests is shown in Figure 4. The number of iterations 
during the research is equal to the number of con-
trol points for metrological certification of measuring 
instruments, namely 14 (Laktionov et al., 2017). The 
inquiry period of the measuring channels is 1 second, 
which meets the requirements. The distance from the 
light source to the surface of sensitive elements of the 
system is 0.1 m. The measurement conditions are as 
follows: the temperature is 20 ± 0.5°C, the relative hu-
midity is 70%.
Laboratory setup
The laboratory setup of an automated greenhouse 
has been designed and constructed in the laboratory 
of information-measuring systems of the Department 
of Electronic Engineering in the SHEE “Donetsk Na-
tional Technical University”.
Taking into account the basic principles of the 
theory of physical modeling, the designed laboratory 
setup meets the conditions of geometric similarity to 
real objects. The constant of the model-nature linear 
similarity is equal to:
k
h
h
a
a
b
b
,l
real
model
real
model
real
model
= = = = 65
   (1)
Table 4. Basic technical specifications of the Benetech GM1020 luxmeter.
Specification, unit The value specified by the manufacturer
Range of illumination measuring, lx From 0 to 2·105
Illumination measurement error, % ±3 (to 104 lx); ±4 (above 104 lx)
Operating temperature range, °C From 0 to 40°C
Measurement speed, units·sec−1 2
Additional functionality USB interface; specialized software; built-in temperature meter
Table 5. Technical Specifications of 
COB Cree CXA1304 LEDs.
Specification, unit
The value 
specified by the 
manufacturer
Power supply, V From 9 to 10.5
Maximum power, W 9
Color temperature, K 3,000
Color rendering, CRI From 93 to 95
Brightness, lm From 330 to 366
Beam angle, ° 115
Operating temperature, °C From –40 to 85
Table 6. Emission characteristics of a 
LED under operation mode of 3.6 W.
Units
0.1 m 
above the 
surface
0.2 m 
above the 
surface
0.3 m 
above 
the 
surface
PAR, 
µmol·m−2·s−1
170 51 24.5
Illumination, 
lx
10,400 3,010 1,450
Power, 
W·m−2
34.8 10.5 5
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 where kl – linear similarity constant; hreal, areal, breal – 
height, length, and width of the standard all-year 
greenhouse, correspondingly; hmodel, amodel, bmodel – 
height, length, and width of the designed model of 
the automated greenhouse, correspondingly.
The physical configuration of the laboratory sample 
of the greenhouse is shown in Figure 5. The physical 
configuration of the setup for recording the conversion 
characteristics of the illumination sensors under testing 
is presented in Figure 6. The setup is equipped with 
the following technological systems: drip irrigation; 
ventilation; artificial lighting; air heating and moistening.
The laboratory tests of the greenhouse model 
allowed us to establish that it meets the mandatory 
condition of referring the processes in the model and 
real greenhouses to the same class of phenomena.
Research findings
Research results on the measuring chan-
nel of effective illumination on the basis of 
GY-302 photodiode of BH1750FVI module
To determine the conversion characteristics and the 
value of the main measurement error, experimental 
studies of the measuring channel of effective illumi-
nation at ambient temperature (20 ± 0.5)°C have been 
carried out. To exclude transients in the measuring 
channel of effective illumination (Ev, lx), measurements 
have been carried out during 120 sec. The illumina-
tion value has been measured by the standard Bene-
tech GM1020 luxmeter (Benetech Digital Lux Meter 
GM1020, 2018). The value change during 100 sec is 
shown in Figure 7. When analyzing the experimental 
Figure 1: Spectral characteristics of COB Cree CXA1304 LEDs [41].
Table 7. Technical specifications of 
XL4015E1-based DC-DC converters.
Parameter, units
The value specified 
by the manufacturer
Voltage input, V From 8 to 36
Voltage output, V From 1.25 to 32
Current output, A 5
Power output, W 75
Frequency, kHz 180
Efficiency, % 95
Operating temperature, °C From –40 to +85
Table 8. Technical specifications of the 
DS18B20 sensor.
Parameter, units
The value 
specified by the 
manufacturer
Power supply voltage, V From 3.5 to 5.5
Operating temperature 
range, °C
From −55 to 125
Relative error of temperature 
measurement, %
±0.5
Conversion time, ms 750
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data, the transient stage is not shown; measure-
ments are taken during the first 20 sec. The Ev meas-
urement has been performed in the range from 4,470 
to 96,850 lx, which corresponds to Ee illumination in 
terms of the energy system (Vovna et al., 2018) from 
15 to 325 W·m−2. Figure 7 shows the graphs of the 
illumination for the three measurement series: 4,470, 
44,700, and 89,400 lx, which correspond to the val-
ues Ee: 15, 150, and 300 W·m
−2, respectively. The val-
ues of illumination (see Figure 7) are used to evalu-
ate the metrological characteristics of the measuring 
channel of effective illumination, based on the GY-302 
module of the BH1750FVI photodiode (Light intensity 
Sensor Module GY-30 BH1750FVI, 2018).
Figures 8, 9 and 10 show the results of the illumination 
changes: 4,470, 44,700, and 89,400 lx, respectively. 
These values are measured by GY-302 BH1750FVI 
illumination sensor and Benetech GM1020 luxmeter.
When analyzing the obtained dependences, it 
has been found out that the results of illumination 
measuring for the GY-302 BH1750FVI sensor contain 
both random and systematic components of the er-
ror. To reduce the value of the random component 
of the illumination measurement error, the results of 
E v ref   and E v meas   observations (Matula et al., 2016; 
Weisstein, 2018) have been averaged:
E
n
E E
n
E ,v v i
i
n
v v i
i
n
ref ref
1
meas meas
1
1
;
1
= × = ×
= =
∑ ∑
  (2)
 where Ev ref i, lx and Ev meas i, lx – observation results 
obtained by means of the standard Benetech 
GM1020 luxmeter and the GY-302 BH1750FVI illumi-
nation sensor under investigation.
To eliminate the systematic error, we have measured 
the illumination of the GY-302 BH1750FVI sensor under 
study and the standard Benetech GM1020 luxmeter in 
the range from 4,470 to 96,850 lx, which corresponds 
to Ee illumination from 15 to 325 W·m
–2. The results of 
the research are presented in Figure 11, where the illu-
mination measurement results obtained by GY-302 BH-
1750FVI sensor and standard values obtained by Bene-
tech GM1020 luxmeter have been compared in one 
coordinate system. In Figure 11, a and b are the nominal 
and real characteristics when comparing the measure-
ment results of GY-302 BH1750FVI sensor with those of 
the standard Benetech GM1020 luxmeter.
When analyzing the results of measuring the 
illumination with GY-302 BH1750FVI sensor and a 
standard Benetech GM1020 luxmeter, it has been 
found that there is a systematic error component in 
the GY-302 BH1750FVI sensor results. This compo-
nent is multiplicative in nature. To estimate its value, 
the relative error in illumination measuring has been 
calculated (Matula et al., 2016; Weisstein, 2018):
δEv
v v
v
E E
E
=
−ref meas
ref
100,⋅
                  (3)
 where E v ref , lx and E v meas , lx – averaged illumination 
values measured by the Benetech GM1020 luxmeter 
and the GY-302 BH1750FVI sensor.
The change in the value of the relative error in illu-
mination measuring of the GY-302 BH1750FVI sensor 
due to its measured value is shown in Figure 12.
When analyzing the dependence of the change 
in the relative error in illumination measuring on its 
measured value (see Figure 12), it has been found 
that in the initial part of the GY-302 BH1750FVI sen-
sor conversion characteristics in the range of illumi-
Figure 2: Photo of the technical 
implementation of the laboratory 
greenhouse heating system (a – 
heating subsystem; b – artificial lighting 
subsystem; c – air humidification 
subsystem; and d – drip irrigation 
subsystem).
Table 9. Technical specifications of 
the heating element of the greenhouse 
heating system.
Parameter, unit. Mode A Mode A
Heating element power, W 165 330
Output air temperature, °C 40±5 55±6
Productivity, m3·sec−1 3·10−3 6.3·10−3
Energy efficiency of the 
heating element, kW·h−1
0.17 0.33
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nation measurement from 4,470 to 29,800 lx, the 
error is from δEv min = −7.8% to δEv max = −18.8%. When 
increasing the value of the measured illumination from 
29,800 to 96,850 lx, the value of the relative measure-
ment error ranges from –11.9 to –13.8%. Moreover, 
in the specified range, the relative error is oscillating 
in vicinity of δEv system = −12.7%. This is the value of the 
systematic error of illumination measuring by the GY-
302 BH1750FVI sensor. To eliminate the systematic 
component of the illumination measurement error, 
taking into account its multiplicative nature, a linear 
calibration equation has been used:
E k Ev vcalibr real ,= ⋅                 (4)
 where Ev real, lx – the measured illumination value of the 
GY-302 BH1750FVI sensor; Ev calibr, lx – the illumination 
value after calibration; k – the calibration coefficient, the 
value of which is 0.889; this value has been estab-
lished experimentally while studying the GY-302 BH-
1750FVI sensor.
To assess the effectiveness of applying the line-
ar calibration Equation (4) to the GY-302 BH1750FVI 
sensor, the illumination measurement results (see 
Figure 13) obtained by the GY-302 BH1750FVI sen-
sor during its calibration and those of the Benetech 
GM1020 luxmeter have been compared graphically.
Having analyzed the graphical dependence (see 
Figure 13), we have found that the linear calibration 
Equation (4) almost completely eliminates the sys-
tematic component of the measurement error of the 
GY-302 BH1750FVI illumination sensor. For the quan-
titative evaluation of the reduction in the value of the 
systematic error during illumination measuring by 
means of the calibration Equation (4), the change in 
the relative error of illumination measuring calculat-
ed by the Equation (3) due to its measured value has 
been established (see Figure 14).
A comparative analysis of the dependence of 
the change in the relative illumination measurement 
error of the GY-302 BH1750FVI sensor on its meas-
ured value (see Figure 14) has shown that by using 
the calibration Equation (4), it has become possi-
ble to reduce the value of the systematic illumina-
tion measurement error by 127 times from δEv system  
= 12.7% to δRv system = 0.1% in the range from 29,800 to 
96,850 lx. When using the calibration equation in the 
initial part of the GY-302 BH1750FVI sensor conver-
sion characteristics, the value of the error is reduced 
by 3.5 times from δEv max = 18.8% to δEv max calibr = 5.4% 
in the measurement range from 4,470 to 29,800 lx. 
Having conducted studies involving the developed 
recommendations, we will be able to improve the me-
trological characteristics of the effective illumination 
meter by using the GY-302 BH1750FVI sensor and its 
calibration equation, which will allow measuring in the 
range from 4,470 to 29,800 lx with the relative error 
of not more than 5.4%. In the range from 29,800 to 
96,850 lx it will not be more than 1.0%.
Figure 3: Block diagram of the implementation of the method for evaluating the metrological 
characteristics of illumination sensors.
Full
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Figure 4: Algorithm for conducting laboratory tests of the system under study.
Start
Is the maximum of the
test range reached?
Setting the minimum range
of illumination test
Parallel detecting of the
output signals of the
measuring channels of the
system
5
Enabling and initializing
hardware and software
components of the system
1
Setting the required
temperature in the
measuring control area
2
–
Aggregating the
measurement monitoring
results followed by
computer processing and
analysis
7
Achieving the steady-state
operation mode of the light
source
6
Increment of the
illumination level by
adjusting LED input
electrical signals
8
Finish
3
4
+
Figure 5: Photo of the laboratory 
computerized greenhouse.
Figure 6: Physical configuration of the 
setup for recording the conversion 
characteristics of the illumination 
sensors under testing.
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Research findings of the measuring chan-
nel of effective illumination, designed on 
the basis of KY-018 module
Having analyzed the technical characteristics of 
VT83N1 photoresistor of KY-018 module, we have 
found that by using this photoresistor the developed 
measuring channel of effective illumination will allow 
measurements in the working range from 10 to 104 lx 
with a relative error of no more than ±10%. Experimen-
Figure 7: Illumination change measured 
by means of standard Benetech 
GM1020 luxmeter.
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4470 lx
(Ee =15 W ·m-2)
44700 lx
(Ee =150 W ·m-2)
89400 lx
(Ee =300 W ·m-2)
Ev ·104, lx
Figure 8: Illumination measurement 
results for 4,470 lx (15 W·m–2).
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Figure 9: Illumination measurement 
results for 44,700 lx (150 W·m–2).
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Figure 10: Illumination measurement 
results for 89,400 lx (300 W·m–2).
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Figure 11: Graphic comparison of 
the illumination measurement results 
obtained by GY-302 BH1750FVI 
sensor with those of the standard 
luxmeter Benetech GM1020.
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tal studies of the measuring channel of effective illumi-
nation based on VT83N1 photoresistor of KY-018 mod-
ule (KY-018 Photoresistor Module, 2018) have been 
performed at an ambient temperature of (20±0.5)°C. 
To check the metrological characteristics of the meas-
uring channel, experimental studies have been carried 
out in the range of illumination measuring from 4,470 to 
96,850 lx. The change in VT83N1 photoresistor resist-
ance due to illumination in the indicated range is shown 
in Figure 15. Benetech GM1020 luxmeter has been 
used as a standard illumination measuring tool.
Having analyzed the results of experimental studies 
(see Figure 15), it has been established that it is poten-
tially possible to make measurements of the illumina-
tion with VT83N1 photoresistor of the KY-018 module 
up to 30,000 lx. When illumination increases by more 
than 30,000 lx, the change in resistance of VT83N1 
photoresistor of KY-018 module becomes almost in-
distinguishable and is oscillating in vicinity of 330 Ohm. 
For a qualitative evaluation of the error value in the 
range from 10 to 30,000 lx, the change in resistance 
of VT83N1 photoresistor of KY-018 module due to the 
illumination has been approximated by the equation:
R R E ,R v R= − × +0 exp⋅ ( )( )α β                 (5)
where R – Ohm is the change in resistance of 
VT83N1 photoresistor of KY-018 module; R0 – Ohm 
is the resistance of VT83N1 photoresistor taking into 
account the conversion characteristic form (βR), the 
values of which are determined experimentally with 
the minimum illumination of the photoresistor and 
make up R0 = 528 Ohm and βR = 0.682; αR, lx
–1 is the 
damping decrement of the conversion characteristic, 
the value of which is determined upon approximation 
and is αR = 22
10–5 lx–1.
Approximated conversion characteristics of 
VT83N1 photoresistor of KY-018 module due to illu-
mination changes up to 30,000 lx and the results of 
experimental studies are shown in Figure 16. In the 
indicated illumination range, the relative error of ap-
proximation of the conversion characteristics by the 
Equation (5) due to illumination changes to 30,000 lx 
does not exceed 1.5%, which fully meets the require-
Figure 12: The change in the relative error of illumination measurement of the GY-302 
BH1750FVI sensor due to its measured value.
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Figure 13: Graphic comparison of 
the illumination measurement results 
obtained by the GY-302 BH1750FVI 
sensor with those of the standard 
luxmeter of the Benetech GM1020 
type by means of the linear calibration 
equation.
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ments for the development of the measuring channel 
of effective illumination for industrial applications.
To quantify the real measurement range of VT83N1 
photoresistor of KY-018 module, the illumination 
measurement results (see Figure 17) obtained by 
means of VT83N1 photoresistor of KY-018 module dur-
ing its calibration and those of the standard Benetech 
GM1020 luxmeter have been graphically compared.
Having analyzed the characteristics (see Figure 17), 
it has been found that the results of illumination 
measurements by means of VT83N1 photoresistor 
and those of the standard Benetech GM1020 lux-
meter correlate with each other up to 20,000 lx. With 
an increase of illumination from 20,000 to 30,000 lx, 
there is a significant increase in measurement error. 
For a quantitative evaluation of the metrological char-
acteristics of the measuring channel of effective illu-
mination, built on the basis of VT83N1 photoresistor 
(KY-018 Photoresistor Module, 2018), the relative er-
ror of illumination measuring is calculated by means 
of the Equation (3) due to its measured value. This 
dependence is shown in Figure 18.
When analyzing the dependence of the change 
in the relative illumination measurement error by 
VT83N1 photoresistor of KY-018 module on its meas-
ured value (see Figure 18), it was found that in the 
measurement range from 10 to 10,000 lx, which is 
regulated by the technical characteristics of VT83N1 
photoresistor of KY-018 module (KY-018 Photoresis-
tor Module, 2018), the value of the basic error does 
not exceed ±1.5%. This result is 6.7 times less than 
the value of the relative measurement error specified 
in the technical characteristics of VT83N1 photoresis-
tor of KY-018 module, which is not more than ±10%. 
Figure 14: The change in the relative error of the GY-302 BH1750FVI sensor from its measured 
value before (b) and after using the calibration equation (a).
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Figure 15: Resistance change of 
KY-018 VT83N1 module due to 
illumination.
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Figure 16: Conversion characteristics 
of KY-018 module due to illumination 
change to 30,000 lx.
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When extending the range of illumination measuring 
of VT83N1 photoresistor to 22,000 lx, the value of the 
relative error increases to ±10%, and with an increase 
to 30,000 lx it exceeds ±30%. Experimental studies 
of VT83N1 photoresistor of KY-018 module allow us 
to establish the real measurement range from 10 to 
22,000 lx, in which the relative measurement error 
does not exceed ±10%.
Promising research areas
The main promising areas for future research on 
the metrological provision of modern computerized 
means of metrical monitoring and controlling the 
effective illumination of industrial greenhouse com-
plexes are:
•	 evaluating the dynamic component of the 
total error and the efficiency parameter of 
measuring the effective illumination in the vis-
ible optical range in the conditions of protected 
cultivation;
•	 establishing the patterns of influence of the 
temperature dynamics of the cultivation 
area on the metrological characteristics of 
computerized means of effective illumination 
measuring;
•	 extrapolating the results of experimental tests 
of illumination sensors on real protected horti-
culture facilities;
•	 optimizing the structural-algorithmic organiza-
tion of a computerized information-measuring 
system for monitoring and controlling effective 
illumination under greenhouse conditions; and
•	 substantiating the scientific and practical 
foundations of the influence of the intensity 
and spectral composition of the artificial light-
ing system on the qualitative and quantitative 
growth indicators of greenhouse crops.
Discussion
As a result of the research, a relevant scientific and 
applied problem has been solved regarding the evalu-
ation and analysis of metrological and functional char-
acteristics of serial sensors of effective illumination in 
the visible optical range. This made it possible to sub-
stantiate the scientific and practical bases for improving 
the effectiveness of the systems for metrical monitor-
ing and controlling the illumination of crops.
The results of theoretical and experimental stud-
ies can be used as the basis for the development of 
agrotechnical methods of increasing the pace, vol-
ume and quality of cultivated products under protect-
ed cultivation conditions.
Conclusions
The main results of the paper are:
•	 Current scientific findings on the influence of 
illumination parameters on the efficiency of 
growing greenhouse crops have been critically 
analyzed and logically generalized.
•	 Scientific and applied approaches have been 
justified and the means for obtaining the con-
version and evaluation characteristics of me-
trological specifications of the serial low-cost 
Figure 17: Graphic comparison of 
the illumination measurement results 
obtained by VT83N1 photoresistor 
of KY-018 module with those of the 
standard Benetech GM1020 luxmeter.
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sensors of the effective illumination of the 
greenhouse cultivation area have been techni-
cally implemented.
•	 A linear calibration equation for the effective illumi-
nation measuring channel has been established 
based on the GY-302 BH1750FVI sensor; its use 
in the measuring channel reduces the basic rel-
ative error of the illumination measurement by 
127 times from δEv system = 12.7% to δEv system calibr  = 
0.1% in the range from 29,800 to 96,850 lx and 
by 3.5 times from δEv max = 18.8% to δEv max calibr =  
5.4% in the range from 4,470 to 29,800 lx.
•	 The real measurement range of VT83N1 pho-
toresistor of KY-018 module is established – 
from 10 to 22,000 lx, where the relative meas-
urement error does not exceed ±10%, in com-
parison with the regulated range from 10 to 
10,000 lx specified in the technical characteris-
tics, with the same value of error.
•	 Promising directions for future research on the 
metrological provision of modern computer-
ized means of metrical monitoring and con-
trolling effective illumination of industrial green-
house complexes are justified.
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